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INTRODUCTION 

The  accurate  assessment  and  application  of  atmospheric  wind,  temperature, 
and  pressure  are  well-known  essentials  to  effective  delivery  of  artillery 
munitions.  The  belief  that  meteorological  errors  are  major  contributors 
to  the  total  delivery  error  budget  is  widely  held  and  is  supported  by 
many  previous  studies  of  the  problem  [1].  These  errors  may  be  broadly 
categorized  as  instrumental  and  environmental.  Environmental  meteoro- 
logical errors  in  this  context  are  defined  as  those  arising  from  the  sepa- 
ration in  time  and  space  between  measurement  and  application. 

The  Atmospheric  Sciences  Laboratory  (ASL)  is  conducting  studies  designed  to 
minimize  the  above  meteorological  errors.  As  part  of  these  studies,  a 
field  experiment  (PASS  - Prototype  Artillery  Subsystem  of  the  Automatic 
Meteorological  System)  involving  actual  howitzer  firings  together  with 
meteorological  data  collection  at  several  sites  on  White  Sands  Missile 
Range  (WSMR)  was  conducted  during  November-December  1974.  This  report 
addresses  the  analysis  of  the  ballistic  meteorology  data  from  that  experi- 
ment, the  results  thereof,  and  their  implications.  A brief  description  of 
the  experimental  setup  is  included  for  completeness.  A comprehensive  de- 
scription is  available  under  separate  cover  [2]. 

APPROACH 

The  main  purpose  of  the  ballistic  meteorology  portion  of  the  PASS  ex- 
periment was  to  test  the  hypothesis  that  an  analysis  of  the  upper  air 
soundings  available  from  five  to  six  meteorological  sections  (the  assumed 
usual  number  in  a type  corps)  could  substantially  reduce  the  contribution 
of  meteorological  errors  to  the  total  delivery  error  budget.  Relatively 
simple  objective  analysis  algorithms  were  chosen  as  the  vehicle  for  com- 
bining the  multiple  soundings  since  the  computation  time  and  computer 
core  storage  available  for  the  purpose  are  limited  for  field  application. 

To  compare  the  merits  of  several  competing  algorithms  via  a firing 
experiment,  two  general  procedures  for  the  experiment  are  feasible.  One 
would  be  to  identify  a number  of  "most  promising"  algorithms  in  advance 
and  conduct  a series  of  firings  at  the  same  target  by  using  each  algorithm 
in  turn  to  produce  a meteorological  message  for  the  firing  problem  solu- 
tion. The  algorithm  giving  the  smallest  dispersion  about  the  target 
center  would  be  considered  the  "best"  of  the  group.  To  gather  a suffi- 
ciently large  sample  for  statistically  significant  results  in  this  manner 
would  require  a prohibitive  amount  of  ammunition  and  time  for  even  a 
small  number  of  candidate  algorithms.  The  second  approach  would  be  to 
conduct  a series  of  firings  at  the  same  aiming  point  by  using  any  reason- 
ably accurate  meteorological  message  in  the  firing  problem  solution. 

Thus,  the  range  to  impact  should  not  vary  enough  from  series  to  series 
to  cause  significant  changes  in  unit  wind  effects,  unit  muzzle  velocity 

effect  ^ » and  so  on.  Then  by  redefining  the  mean  point  of  impact  of 

each  series  as  the  target  center  for  that  series,  computer  trajectory 
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simulations  could  be  examined  to  determine  the  relative  ability  of  any 
number  of  candidate  algorithms  to  predict  the  observed  mean  point  of 
impact  (Figure  1).  The  algorithm  yielding  the  smallest  dispersion  about 
the  observed  mean  impact  points  would  then  be  the  "best"  of  those  examined. 
This  second  approach  was  chosen  for  the  PASS  experiment  since  (1)  it  was 
considerably  more  economical  in  materials  and  time,  and  (2)  it  was  not 
certain  that  the  most  promising  objective  analysis  algorithms  had  been 
identifi ed. 


To  further  clarify  the  approach  taken,  suppose  that  a given  series  is 
fired  and  the  mean  point  of  impact  is  75  m over  the  nominal  range  to  the 
aiming  stake  and  35  m to  the  right  (Figure  1).  Suppose  also  that  the 
muzzle  velocity,  firing  angles,  and  other  nonmeteorological  variables  of 
this  series  were  accurately  measured.  Then  any  meteorological  message 
(together  with  the  measured  hardware  variables  of  this  series)  which 
produces  a simulated  mean  impact  point  identical  to  the  actual  impact 
point  may  be  regarded  as  the  most  desirable  meteorological  message  for 
that  series. 

It  is  recognized  that  the  transformation  (via  tlie  ballistic  equations  of 
motion)  of  zonewise  variables  of  pressure,  temperature,  and  wind  compo- 
nents into  an  impact  point  represents  a transformation  from  En  to  E2 

(n  > 2)  and  is  not  unique  in  this  case.  However,  if  a meteorological 
algorithm  leads  to  simulated  impacts  consistently  closer  to  actual 
impact  (i.e.,  smallest  dispersion)  than  the  other  candidate  algorithms, 
and  if  this  is  a statisti  ally  significant  result,  then  it  may  be  con- 
cluded that  the  best  algorithm  of  the  group  has  been  isolated. 

EXPERIMENT  DESCRIPTION 

Two  8-inch  howitzers  were  emplaced  on  the  Missile  Range,  and  a well- 
qualified  crew  from  Fort  Sill  fired  them  into  an  impact  area  which  was 
cleared  and  leveled  for  several  hundred  meters  around  the  aiming  stake. 
The  firings  were  comprised  of  8-round  series  (10  rounds  for  the  first 
series  of  the  day),  2 minutes  between  each  round,  1 hour  between  each 
series.  The  experiment  spanned  20  days  (not  necessarily  consecutive). 
Guns  were  alternated  daily  whenever  possible,  with  the  number  of  series 
fired  each  day  varying  from  4 to  10. 

Impact  locations  for  each  round  were  determined  by  tri angulation  from 
three  flash  ranging  stations  placed  symmetrically  around  the  aiming 
stake  [3].  Muzzle  velocity  of  each  round  was  obtained  from  a Doppler 
velocimeter  supplied  and  operated  by  WSMR. 


Upper  air  soundings  were  taken  at  ten  si 
only  eight  of  these  were  intended  for  us 
map  [Figure  2]  and  Table  1 for  relative 
lating  the  meteorological  sections  in  a 
simultaneously  each  2 hours,  beginning  1 
first  series  of  the  day.  The  remaining 
taneously  1/2  hour  after  the  first  five. 


tes  during  the  experiment,  but 
e in  the  ballistic  analysis  (see 
locations).  Five  stations  simu- 
type  corps  released  balloons 
hour  and  15  minutes  before  the 
three  stations  released  simul- 
The  above  measurements  were 


3 


:e  map  of  artillery  meteorological  sections,  gun  position  and  impact  area  for 
meteorological  comparisons  by  USAECOM  Atmospheric  Sciences  Laboratory  at  White 
ile  Range,  Nov  74. 


ised  in  simulated  corps, 
imitted  from  ballistic  analysis. 
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obtained  by  using  a rawinsonde  with  standard  AN/GMD-1B  tracker,  and  com- 
puter meteorological  messages  were  prepared  in  standard  artillery  fashion 
[4].  Wind-only  profiles  were  obtained  each  hour  at  all  eight  stations  by 
modified  T-9  radar  equipment,  coincident  with  the  rawinsonde  measurements 
every  second  hour.  The  winds  were  incorporated  into  separate  computer 
meteorological  messages  utilizing  either  concurrent  or  1-hour-old  GMD  de- 
termined pressures  and  temperatures  as  appropriate.  The  howitzers,  mete- 
orological stations,  aiming  stake,  flash  ranging  positions,  and  velocimeter 
antenna  were  all  located  by  survey  crews  furnished  by  WSMR.  Coordinates 
were  given  in  Universal  Transverse  Mercator  (UTM) , White  Sands  Transverse 
Mercator  (WSTM),  and  White  Sands  Cartesian  System  (WSCS).  WSTM  was  selected 
for  use  in  the  analysis. 

The  procedure  of  laying  the  howitzer  for  any  given  series  of  rounds  was 
predicated  solely  on  the  range  safety  requirement  of  impacts  well  within 
the  cleared  zone  designated  as  the  impact  area,  so  that  the  coordinates 
of  the  center  of  this  area  represented  the  aiming  point  or  "target"  so 
far  as  the  Fire  Direction  Center  (FDC)  was  concerned.  For  more  details, 
see  [2]. 

EXPERIMENTAL  ERROR 

The  major  variables  of  importance  to  the  ballistic  meteorology  analysis 
are,  series  by  series: 


1. 

The  meteorologi cal  data 

2. 

The  mean  fall-of-shot  location 

3. 

The  quadrant  elevation  and  azimuth 

angles 

4. 

The  mean  muzzle  velocity 

5. 

Projectile  weight 

6. 

The  exterior  ballistics  parameters 

of  the  projectile  (drag  coef- 

ficient,  etc.,  assumed  to  be  identical  for  identical  projectiles) 

Of  these,  the  last  is  assumed  to  be  subject  to  bias  error  only,  while 
both  bias  and  random  errors  may  occur  in  the  other  five. 

Several  tedious  hand  editing  passes  through  the  "raw"  meteorological 
data  by  separate  groups  within  ASL  have  revealed  numerous  errors  of  pre- 
sumably human  origin  in  the  temperature  and  pressure  values,  with  subse- 
quent influence  on  the  wind  determination  at  those  points;  but  this  has 
not  proven  to  be  a significant  problem  to  the  ballistic  analysis.  The 
smoothing  inherent  in  averaging  over  height  layers  several  hundred  meters 
thick  plus  the  smoothing  inherent  in  the  ballistic  equations  of  motion 
tends  to  minimize  random  errors  of  both  instrumental  and  human  origin. 

In  fact,  the  meteorological  data  used  in  the  ballistic  analysis  is 
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identical  to  that  collected  in  the  field  with  the  exception  of  a visual 
inspection  of  the  computer  meteorological  messages  for  obvious  spike 
errors  in  the  temperature  and  pressure  profiles.  Errors  of  this  type 
could  and  should  be  easily  detectable  by  competent  military  personnel  in 
the  field. 

The  location  of  the  impact  point  of  each  round  was  examined,  and  those 
rounds  wherein  the  error  was  considered  excessive  were  discarded.  This 
procedure  occasionally  caused  an  entire  series  to  be  discarded.  The 
total  losses  were  few  and  were  caused  by  commencing  the  day's  firings 
just  before  dawn  when  the  flash  rangers  had  difficulty  seeing  the  burst 
point.  A detailed  treatment  of  this  portion  of  the  experiment  is  given 
in  [3],  but  essentially  the  impact  locations  retained  for  analysis 
should  be  accurate  to  ±10  m. 


Firing  angles  were  set  into  the  howitzers  by  the  gun  crew  referencing 
a surveyed  orienting  line  for  azimuth  and  checking  the  quadrant  elevation 
setting  with  a gunner's  quadrant.  Since  the  howitzer  had  to  be  depressed 
to  load,  the  elevation  angle  was  set  and  checked  for  each  round,  but  the 
azimuth  laid  was  checked  only  after  completion  of  the  series.  Twenty 
projectiles,  selected  at  random  and  weighed,  proved  to  be  well  within 
tolerance  of  their  four-square  weight.  Twenty  powder  bags  (charge  7 
white)  were  also  weighed  with  similar  results.  The  projectiles  and 
charges  were  from  the  same  lot,  respectively.  The  firing  crew  were  ex- 
tremely careful  in  loading,  using  the  hydraulic  ram  for  all  but  a few 
rounds,  and  employing  a gauge  to  insure  that  the  charge  was  always  placed 
in  the  same  position  in  the  breech.  Further,  the  charge  stack  was  shel- 
tered on  three  sides  and  the  top  from  the  sun  and  wind,  with  propellant 
temperatures  recorded  at  one  top  and  one  bottom  corner  of  the  stack. 

These  two  temperatures  were  averaged  to  obtain  the  propellant  temperature 
used  to  solve  the  firing  problem. 

The  measurement  of  muzzle  velocity  was  the  most  difficult  of  the  required 
variables.  The  velocimeter  was  emplaced  approximately  100  m behind  the 
guns,  with  a less  than  optimum  look  angle.  The  method  of  reducing  the 
data  to  muzzle  velocity  used  in  the  first  few  days  of  the  experiment  was 
the  same  as  that  used  to  determine  rocket  velocity,  which  reaches  its 
maximum  at  a relatively  large  distance  from  the  launcher.  The  results 
were  therefore  more  indicative  of  radial  veloci ty«component  than  total 
velocity  and  were  too  low.  When  notified  of  this  error,  the  velocimeter 
branch  derived  and  applied  corrective  factors  (to  account  for  the  un- 
satisfactory geometry)  which  subsequent  analysis  has  shown  to  be  of 
completely  acceptable  accuracy  and  the  best  of  several  other  means  in- 
vestigated for  transforming  radial  velocity  to  true  velocity.  The  pre- 
cision of  the  velocimeter  data  is  excellent,  as  evidenced  by  extremely 
high  correlation  between  the  round-to-round  difference  in  measured 
muzzle  velocity  and  the  round-to-round  difference  in  range  components  of 
impacts,  both  before  and  after  the  corrective  action  to  reduce  the  bias. 
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ANALYSIS 


The  objective  of  the  data  analysis  was  to  isolate  the  effect  of  errors 
in  ballistic  meteorology  on  the  impact  points  of  the  projectiles  and  to 
examine  some  methods  of  reducing  the  error.  The  procedure  is  best  illus- 
trated by  the  following  set  of  linearized  ballistic  equations.  Only  the 
range  component  of  impact  location  will  be  shown,  but  analogous  equations 
for  the  cross  component  are  easily  written.  Let  the  true  mean  range  to 
impact  (R)  for  a given  series  be  represented  by: 


R = Rn  + AV  + M + NEGLIGIBLE  TERMS  (1) 

where  R.,  is  the  nominal  range  which  would  be  reached  at  the  true  quadrant 
elevation  angle  if  muzzle  velocity  and  meteorology  effects  are  standard. 
AV  and  M are  the  true  range  displacements  from  R.j  (in  meters)  due  to 
nonstandard  muzzle  velocity  and  nonstandard  meteorological  conditions. 

The  negligible  terms  include  nonlinear  or  second  order  effects  of  smaller 
magni tude . 


The  relevant  quantities  in  Eq.  (1)  measured  (or  calculated)  during  the 
experiment  are  subject  to  error  and  may  be  written  as: 


aVM  = aV  + ev 


Ma  = M + eA  (2) 

The  various  errors  are  e^,  due  to  imprecise  location  of  fall-of-shot; 
e , due  to  quadrant  elevation  error  and  written  as  an  effector  of  nominal 
range;  Ey,  due  to  measurement  error  in  muzzle  velocity;  and  eA>  due  to 

departure  from  the  "true"  meteorology  of  a meteorological  message  derived 
with  algorithm  A,  containing  instrumental  error,  al gori thm  error , and 
natural  space-time  variability.  The  errors  are  assumed  to  be  random  from 
series  to  series,  to  be  drawn  from  populations  of  zero  mean  with  variances 
characteristic  of  the  PASS  experiment,  and  to  be  statistically  independent 


Ballistic  trajectory  simulations  were  made  series  by  series  by  utilizing 
the  series  mean  measured  muzzle  velocity,  quadrant  elevation  angle, 
azimuth  angle,  standard  (four  squares)  projectile  weight,  and  various 
meteorological  messages  produced  by  the  competing  meteorological  analysis 
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algorithms.  Expressing  the  simulated  impact  range  in  the  simple  linear 
fashion  of  Eq.  (1): 

RA  = RNe  + aVm  + MA  ^ 

Subtracting  Eq.  (3)  from 

AA  = RM  ‘ RA 

From  Eqs.  (2)  and  (1 ) : 

AA  = " £e  ' £V  + £R  ' £A  (5) 

Lumping  the  nonmeteorologi cal  terms  together  and  labeling  the  sum 
"experimental  error," 


aA  " £EXP  ‘ eA 

The  variance  of  A«(a2  «)  is  a measure  of  the  performance  of  meteorological 
algorithm  "A"  i i reproducing  the  observed  impacts.  This  is  subject  to 
the  assumption  that  the  estimators  of  meteorological  displacement  are 
unbiased  estimators  (a^  = 0);  otherwise,  a better  measure  might  be  the 
RMS  a^.  Further,  it  is  meaningful  to  compare  °.lk.  and  a2^  for  algorithms 
"A"  and  "B"  to  discover  if  any  statistically  significant  difference  exists 
and,  if  so,  which  is  better  (smaller). 

The  meteorological  algorithms  to  be  tested  on  the  PASS  data  were  limited 
to  three,  hereafter  designated  as  Methods  I,  II,  and  III.  Method  I is 
the  single  station  technique  currently  in  use  by  the  Field  Artillery  [4]. 
Methods  II  and  III  were  selected  from  a group  of  candidate  objective 
analysis  schemes  based  on  comparisons  between  estimates  of  ballistic 
meteorology  messages  given  by  the  schemes  and  by  an  actual  sounding  at 
the  place  and  time  of  estimation.  The  candidate  group  was  by  no  means 
an  exhaustive  collection  of  available  objective  analysis  techniques. 

The  initial  screening  criteria  to  form  the  group  were  based  principally 
on  simplicity.  The  two  methods  selected  from  the  group  will  be  defined 
and  briefly  discussed  in  this  report,  but  a more  complete  discussion 
including  the  other  candidates  is  given  in  [2]. 

METHOD  I 

The  station  designated  "TSX"  (Figure  2)  was  selected  as  the  Method  I 
station.  It  was  the  closest  to  the  howitzers  and  therefore  the  most 
likely  to  be  chosen  by  a commander  in  the  field  to  provide  computer 
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meteorological  messages  for  his  battery.  The  soundings  were  taken 
according  to  standard  artillery  meteorological  methodology  [4]  through 
line  9 (4000  ni  AGL).  This  practice  was  followed  at  all  stations. 


METHOD  II 

This  algorithm  takes  the  form  (suggested  by  Barnett,  ASL)  of  a linear 
predictor,  or  "weighted  average," 


[| 

s 


“ * 


A = Za.j  A. 


where 


Ea^-  - 1 


and 


y'(r- 1 d’'  + c2 1 


(all  summations  taken  over  the  five  "corps"  stations).  A.  is  a measured 


meteorological  message  parameter  of  interest  (wind  component,  pressure, 
or  temperature)  at  the  i*'*1 


station;  the  weights  a.  are  inversely  propor- 
tional to  a function  of  the  distance  (d^)  and  time  (t^)  separation  be- 
tween measurement  and  application  (station  location  and  time  of  release); 
and  A is  the  estimate  of  the  parameter.  The  weighting  was  performed 
zonewise,  with  no  dependence  on  zones  above  or  below. 


The  intuitive  appeal  of  this  particular  estimator  is  better  illustrated 
by  considering  that  the  weights  should  be  proportional  to  the  confidence 
that  the  measured  parameter  represents  the  actual  parameter  at  the  time 
and  place  of  application.  Other  investigators  [5]  have  described  atmo- 
spheric time-space  variability  in  the  following  manner: 


= CX 


d'2 


(variability,  over  distance  d), 


o.  = c2  t'2  (variability  over  time  interval  t) . 


These  relationships  then  give  rise  to  the  Method  II  estimator  form.  The 
value  of  Ci  was  obtained  from  space  variability  data  furnished  by  per- 
sonnel of  the  US  Army  Ballistics  Research  Laboratory  (BRL)  using  a least 
squares  fit  [6].  The  value  for  c2  was  then  obtained  from  Cj  = c2//30, 

i.e.,  a distance  of  30  km  gives  equal  variability  to  a time  separation 
of  1 hour.  This  represents  a compromise  between  reported  variability 
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equivalences  of  as  much  as  46  km/hr  to  as  little  as  12  km/hr.  The  specifi 
values  are: 

c i = 0.47 


c2  = 0.3189, 

distance  in  kilometers,  time  in  minutes. 

METHOD  III 

Although  Method  II  has  a time  dependent  term,  it  is  in  no  way  intended 
to  extrapolate  time  (or  space)  trends  to  the  time  and  place  of  firing. 
Method  III  is  an  attempt  to  detect  both  time  and  space  trends  and  extrap- 
olate to  the  applicable  location  and  time. 

At  each  station,  the  meteorological  message  was  extrapolated  to  the  time 
of  firing  according  to  the  following  rules: 

1.  If  only  one  message  was  present  in  the  data  bank  for  a station, 
persistence  was  invoked  (no  change). 

2.  If  two  messages  were  available  for  a station,  a linear  trend 
was  extrapolated  to  the  firing  time,  the  average  of  the  two  messages 
was  calculated,  and  finally  the  mean  of  the  linear  trend  value  and  the 
average  value  was  obtained. 

3.  If  more  than  two  messages  were  available  from  a station,  the 
procedure  was  identical  to  step  2 except  that  a cubic  spline  was  fit  to 
the  data  points  instead  of  the  linear  trend. 

The  procedure  was  done  zonewise  for  each  station;  and  in  all  cases 
analyzed,  the  requirement  was  invoked  that  the  most  recent  release  at 
a station  would  be  no  more  than  135  minutes  before  firing  time  or  the 
station  would  be  ignored. 

Having  obtained  a message  at  each  station  extrapolated  forward  to  a 
common  time,  the  next  step  was  to  fit  a least  squares  plane  to  the  data 
in  space  and  evaluate  the  plane  at  the  howitzer  location,  thus 


A = ax  + by  + c. 


A is  the  estimate  of  a meteorological  parameter;  x and  y are  the  howitzer 
coordinates;  and  a,  b,  and  c are  determined  from  the  least  squares  fit 
over  the  stations.  A plane  was  fit  for  each  atmospheric  zone  and  for 
each  parameter  of  interest  (wind  components,  pressure,  and  temperature). 


RESULTS 


After  editing  for  fall-of-shot  location  errors,  velocimeter  dropouts, 
etc.,  the  original  115  firing  series  were  reduced  to  79  which  were 
suitable  for  analysis.  Table  2 summarizes  the  analysis  of  the  79  cases. 
The  data  were  partitioned  into  a set  of  68  cases  labeled  "normal"  and  a 
set  of  11  cases  labeled  "special"  when  it  was  noticed  that  relatively 
few  of  the  cases  gave  large  errors.  The  selection  of  100  m range  miss- 
distance  as  the  partition  was  not  entirely  arbitrary,  since  the  miss- 
distance  frequency  histogram  indicates  a bimodal  distribution  with  the 
point  of  overlap  of  the  modes  being  approximately  100  m.  Figure  3 rep- 
resents the  same  data  as  Table  2 but  in  graphical  form. 

There  are  two  major  features  of  the  results  in  relation  to  the  objectives 
of  this  experiment.  First,  an  attractive  decrease  in  ballistic  meteo- 
rology error  failed  to  materialize  for  the  algorithms  tested.  When  it  is 
recalled  that  experimental  error  is  of  necessity  included  in  the  results, 
it  is  apparent  that  no  algorithm  will  offer  much  improvement  in  the 
"normal"  set,  since  the  meteorological  error  is  already  small.  An  ex- 
amination of  all  the  experimental  data  inputs  leads  to  the  conclusion 
that  time  trends  in  the  meteorological  regime  produced  the  "special" 
set  of  11  cases  of  large  miss-distance.  Figures  4 and  5 illustrate 
time-trending  winds  on  2 of  the  days  where  100  m range  misses  were  indi- 
cated by  the  simulation.  The  meteorological  message  zone  5 (1500-2000  m 
AGL)  vector  winds  reported  by  all  operational  stations  are  depicted 
(vector  origin  at  station)  and  at  times  exhibit  distinct  changes  in  speed 
and/or  direction  occurring  over  time  periods  of  the  order  of  2-3  hours. 
These  changes  are  in  the  proper  direction  and  of  the  approximate  magni- 
tude to  produce  the  observed  miss-distance  in  range,  while  leaving  the 
deflection  miss-distance  relatively  small.  The  orientation  of  the  gun- 
target  line  to  the  prevailing  winds  (westerly)  during  the  test  coupled 
with  the  general  tendency  of  the  time  trends  to  proceed  from  crosswind 
to  head  wind  produced  the  greatest  error  in  the  range  component  of  impact. 
This  is  most  likely  an  accidental  circumstance  peculiar  to  the  PASS  ex- 
periment. It  remains  possible  then  to  effect  significant  improvement  in 
meteorological  error  for  these  cases,  although  Method  III  failed  to  do  so. 

Second,  the  low  percentage  (15%)  of  the  very  difficult  "special"  cases 
is  itself  interesting.  Similar  experiments  made  by  other  investigators 
at  different  locations  and  seasons  [7,8]  corroborate  this  percentage, 
indicating  that  the  meteorological  conditions  encountered  during  the 
PASS  experiment  were  neither  abnormally  quiet  nor  noisy.  The  frequency 
of  occurrence  of  time  trending  meteorological  situations  is  obviously 
a strong  function  of  season  at  a given  place,  but  the  quirks  of  local 
climatology  preclude  any  general  statement  about  the  functional  de- 
pendence on  latitude  or  other  purely  geographical  variables. 

The  space  variability  depicted  in  Figure  6 was  computed  by  using  Method  I 
for  each  station  in  turn.  The  stations  known  as  McGregor  (MCG)  and  WAR 
(Figure  2)  were  situated  to  the  east  of  the  southern  end  of  the  Organ 
Mountains  and  are  believed  to  have  been  adversely  affected  by  the  distur- 
bance of  the  prevailing  westerly  flow  around  the  mountain.  The  time 
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TABLE  2.  COMPARISON  OF  RESULTS  FOR  METHODS  I 


II  and  III 


Total  of  79  Cases  Analyzed 
(1-2  hr  GMD) 


Actual  - Simulated 


Range  (m) 

AR  oAR 

Meteorological  Message 

Deflection  (m) 

AD  ctAD 

-13 

69 

Method  I 

9 

36 

-27 

63 

Method  II 

10 

33 

-21 

63 

Method  III 

12 

33 

Partitioned  Statistics  from  PASS 
(1-2  hr  GMD) 


Actual  - 

Simulated 

Method 

Parti tion 

No.  of 
Series 

Range 

AR 

(m) 

aAR 

Deflection  (m) 

AD  ctAD 

I 

Special 

11 

-130 

98 

-11 

31 

Total 

79 

-13 

69 

9 

36 

Normal 

68 

6 

38 

12 

36 

II 

Special 

11 

-132 

91 

-5 

30 

Total 

79 

-27 

63 

10 

33 

Normal 

68 

-9 

35 

12 

33 

III 

Special 

11 

-127 

93 

0 

29 

Total 

79 

-21 

63 

12 

33 

Normal 

68 

-4 

35 

13 

44 

Figure  4.  Time  trending  wind  vector  field,  23  Nov  74. 
AGL)  with  vector  origins  at  stations. 


Zone  5 (1500-2000  m 


1 


16 


1 


Figure  6.  Space  variability  for  1-2  hr  met. 


variability  curve  of  Figure  7 is  self-explanatory.  A comparison  of  Figure  7 
with  Figure  6 indicates  the  dominance  of  time  variability  over  space  vari- 
ability insofar  as  ballistic  effects  are  concerned.  The  SMR  station  is 
shown  because  it  produced  the  best  results  of  any  single  station  (Method  I) 
and  was  also  located  essentially  upwind  from  the  trajectory  for  most  of  the 
firings.  Table  3 presents  the  combinations  of  soundings  and  firings  uti- 
lized to  obtain  Figures  7 and  8. 


CONCLUSIONS 

The  analysis  of  ballistic  data  from  the  PASS  experiment  indicates  that 
the  experimental  errors  were  well  within  acceptable  levels  from  the 
standpoint  of  ballistics.  The  application  of  two  unsophisticated 
meteorology  analysis  algorithms  to  the  data  obtained  from  five  meteo- 
rological stations  failed  to  produce  a practically  significant  decrease  in 
the  meteorological  contribution  to  the  total  delivery  error  budget.  In 
68  of  the  79  firing  series  examined,  the  error  due  to  meteorology  was 
less  than  100  m range  miss;  and  in  fact,  the  dispersion  for  these  68  cases 
was  small  (<37  m range  and  ^35  m deflection),  which  includes  experimental 
error.  This  point  should  be  examined  closely  in  any  future  attempt  to 
reduce  meteorological  disperions,  since  further  investigation  may  reveal 
that  the  percentage  of  meteorological  conditions  wherein  significant 
improvement  is  possible  is  too  small  to  be  of  importance. 

The  idea  that  time  variability  of  meteorology  (in  particular  wind)  is  the 
major  factor  in  large  ballistic  meteorology  errors  was  corroborated  and 
reinforced  by  the  PASS  results.  The  mode  of  simultaneous  atmospheric 
soundings  did  not  allow  a study  to  be  made  of  the  value  of  soundings 
staggered  in  time  from  station  to  station  over  an  interval  of  2 hours, 
but  the  implication  is  clear  that  such  a release  schedule  would  go  far 
toward  reducing  meteorological  errors  due  to  staleness.  A central 
collection  and  disbursing  system  would  therefore  be  useful  in  disseminat- 
ing the  most  recent  sounding  to  all  batteries.  In  addition,  such  a 
system  could  make  simple  discrimination  decisions  such  as  separating 
stations  from  batteries  where  large  terrain  features  might  intervene, 
etc. 

A final  conclusion  is  that  most  of  the  advantage  to  be  gained  from  a 
central  disbursing  system  for  artillery  meteorological  data  would  stem 
from  the  steady  flow  of  fresh  (*$  hour  to  1 hour  old)  meteorological  mes- 
sages to  any  battery,  uninterrupted  by  relocation  of  a meteorological 
section,  mechanical  breakdown  of  the  section,  enemy  action  against  the 
section,  or  any  of  the  myriad  hazards  surrounding  the  prompt  delivery 
of  information  from  a given  artillery  meteorological  section.  ASL  is 
currently  making  a detailed  study  of  what  may  be  achieved  in  increased 
artillery  effectiveness  from  this  viewpoint. 


TIME  (HOURS) 


Simulated  impacts 

Time  of  actual  firing 

Firings  with  > 100  m range  miss 
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APPENDIX.  ALL  HARDWARE  PARAMETERS  AND  ACTUAL  AND  SIMULATED  DISPLACEMENTS 
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